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METHOD OF PREPARING
SUPERABSORBENT POLYMER SHEET

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a national phase entry under 35
U.S.C. § 371 of International Application No. PCT/KR2019/

011716, filed on Sep. 10, 2019 which claims priority from,
Korean Patent Application Nos. 10-2018-0115311, filed on
Sep. 277, 2018 and Korean Patent Application No. 10-2019-
0110999, filed on Sep. 6, 2019, the disclosures of which are

hereby incorporated by reference 1n their entirety.

TECHNICAL FIELD

The present invention relates to a method of preparing a
superabsorbent polymer sheet.

BACKGROUND ART

A superabsorbent polymer (SAP) 1s a synthetic polymeric
material capable of absorbing moisture from 3500 to 1000
times 1ts own weight. Various manufacturers have denomi-
nated it as different names, such as SAM (Super Absorbency
Matenal), AGM (Absorbent Gel Material), etc. Since such
superabsorbent polymers started to be practically applied in
sanitary products, now they have been widely used not only
for hygiene products such as disposable diapers for children,
sanitary pads, etc., but also for water retaining soil products
for gardening, water stop materials for the civil engineering
and construction, sheets for raising seedling, fresh-keeping
agents for food distribution fields, materials for poultice or
the like.

Generally, various hygiene products such as diapers,
sanitary pads, incontinence pads, etc. include an absorbent
including superabsorbent polymer particles. Such an absor-
bent mainly includes the superabsorbent polymer particles
and flufl pulp which 1s used to properly fix the superabsor-
bent polymer particles while maintaining the shape of the
absorbent and hygiene products.

However, due to the presence of the flufl pulp, 1t has been
difficult to make the absorbent and hygiene products slim
and thin, and there has been a problem 1n that a user feels
less comiortable, because the user’s skin 1n contact with the
hygiene product gets sweaty. Moreover, since a large quan-
tity of flufl pulp which 1s mainly obtained from a wood raw
material 1s needed, there has been a backlash against recent
trends of environmental protection, and 1t has become one of
the main causes for increasing production costs of the
absorbent layer and hygiene products.

For this reason, many attempts have been made to reduce
the use of flufl pulp 1n the absorbent layer and hygiene
products or to provide hygiene products without tlufl pulp,
so-called pulpless diapers, etc.

Meanwhile, current superabsorbent polymers are mostly
prepared and used 1n the form of powder. Such superabsor-
bent polymers 1n the form of powder may scatter or leak
during preparation of sanitary materials or in actual use
thereol, and they have a limited range of use because the
superabsorbent polymers are needed to be used together
with a specific type of substrate.

Accordingly, a method of preparing a superabsorbent
polymer 1n the form of a fiber or a non-woven fabric has
been suggested. However, there 1s no satisfactory method of
obtaining a superabsorbent polymer which may have no
reduction 1n absorption performances, may be used as a
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2

pulpless absorbent, and may exhibit suthicient tlexibility, and
therefore, there 1s still a need to study a preparation method
thereof.

[l

DISCLOSURE

Technical Problem

To solve the above problems, the present invention pro-
vides a method of preparing a superabsorbent polymer sheet
exhibiting high pliability, a high absorption rate, and excel-
lent texture.

Technical Solution

To solve the above problems, the present invention pro-
vides a method of preparing a superabsorbent polymer sheet,
the method including the steps of:

preparing a monomer composition by mixing an acrylic
acid-based monomer having acidic groups, of which at least
a part 1s neutralized, an internal crosslinking agent including
polyol, an encapsulated foaming agent, an inorganic foam-
ing agent, and a polymerization initiator;

forming a water-containing gel polymer by performing
thermal polymerization or photopolymenization of the
monomer composition; and

drying the water-containing gel polymer.

The polyol may include one or more selected from the
group consisting of ethylene glycol, propylene glycol, 1,3-
propanediol, 1,4-butanediol, 1,6-hexanediol, 1,2-hexane-
diol, 1,3-hexanediol, 2-methyl-1,3-propanediol, 2,5-hexane-
diol, 2-methyl-1,3-pentanediol, 2-methyl-2,4-pentanediol,
tripropylene glycol, and glycerol.

The polyol may be included 1n an amount of 10 parts by
welght to 80 parts by weight with respect to 100 parts by
weilght of the acrylic acid-based monomer.

The encapsulated foaming agent may have a mean diam-
cter of 2 um to 50 um.

The encapsulated foaming agent may have an expansion
ratio of 3 times to 15 times 1n air.

The encapsulated foaming agent may have a structure
including a core which contains hydrocarbon and a shell
which surrounds the core and 1s formed using a thermoplas-
tic resin.

In this regard, the hydrocarbon may be one or more
selected from the group consisting of n-propane, n-butane,
1so-butane, cyclobutane, n-pentane, 1so-pentane, cyclopen-
tane, n-hexane, 1so-hexane, cyclohexane, n-heptane, iso-
heptane, cycloheptane, n-octane, 1so-octane, and cyclooc-
tane, and the thermoplastic resin may be a polymer formed
from one or more monomers selected from the group
consisting of (meth)acrylate, (meth)acrylonitrile, aromatic
vinyl, vinyl acetate, vinyl halide, and vinylidene halide.

The 1norganic foaming agent may be one or more selected
from calcium carbonate (CaCO;), sodium bicarbonate
(NaHCO,), ammonium bicarbonate (NH,HCO,), ammo-
nium carbonate ((NH,).CO;), ammonium  nitrite
(NH_,NO,), sodium borohydrnide (NaBH,), and sodium car-
bonate (Na,CO,).

The encapsulated foaming agent and the inorganic foam-
ing agent may be included at a weight ratio of 3:1 to 1:1.

The encapsulated foaming agent may be included in an
amount of 0.3 parts by weight to 20 parts by weight with
respect to 100 parts by weight of the acrylic acid-based
monomer.




US 11,773,236 B2

3

The morganic foaming agent may be included in an
amount of 0.2 parts by weight to 10 parts by weight with
respect to 100 parts by weight of the acrylic acid-based
monomer.

According to another aspect of the present invention,
provided 1s a superabsorbent polymer sheet including a
crosslinked polymer which 1s prepared by crosslinking
polymerization of an acrylic acid-based monomer having
acidic groups, of which at least a part 1s neutralized, 1n the
presence of an internal crosslinking agent including polyol,
an encapsulated foaming agent, and an inorganic foaming
agent.

The superabsorbent polymer sheet may have centrifuge
retention capacity (CRC) o1 10 g/g to 40 g/g, as measured in
accordance with EDANA method WSP 241.2.

The superabsorbent polymer sheet may have absorbency
under pressure (AUP) of 0.7 ps1 of 5 g/g to 20 g/g, as
measured 1n accordance with EDANA method WSP 242.2.

The superabsorbent polymer sheet may have an expansion
ratio of 200% or more, the expansion ratio defined by the
area of width*length of the superabsorbent polymer sheet
which 1s cut to a si1ze of width*length*thickness=50 mm*50
mm*2 mm and the area of width*length of the superabsor-
bent polymer sheet after being dried at a temperature of 180°
C. for 5 minutes.

Fftect of the Invention

A superabsorbent polymer sheet obtained by the prepa-
ration method of the present invention may be obtained in
the form of sheet or film, unlike a common superabsorbent
polymer 1n the form of powder, may be directly applied as
a product, may have no risk of scattering or leaking, and may
exhibit excellent texture and flexibility.

Further, the superabsorbent polymer sheet obtained by the
method of preparing the superabsorbent polymer sheet of the
present mvention may have an open pore channel structure
in which pores are connected to each other, whereby water
absorption by a capillary pressure may occur to improve an
absorption rate and permeability.

As described, the superabsorbent polymer may exhibit a
high absorption rate as 1ts intrinsic property while having
flexibility and pliability, and thus it may be applied to a
variety of products which are required to have pliability and
high absorbency.

Further, the superabsorbent polymer sheet may be used as
a pulpless absorbent.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s an image of scanning electron microscopy
(SEM) showing a cross section of a superabsorbent polymer
sheet prepared according to one embodiment of the present
invention; and

FIG. 2 1s an 1image of testing flexibility of superabsorbent
polymer sheets of Example 1 and Comparative Example 2.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1l

While the present invention 1s susceptible to various
modifications and alternative forms, specific embodiments
will be illustrated and described in detail as follows. It
should be understood, however, that the description 1s not
intended to limit the present mnvention to the particular forms
disclosed, but on the contrary, the intention is to cover all
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modifications, equivalents, and alternatives falling within
the spirit and scope of the invention.

Hereinaiter, a method of preparing a superabsorbent poly-
mer sheet according to one embodiment of the present
invention will be described.

According to one embodiment of the present invention,
provided 1s a method of preparing a superabsorbent polymer
sheet, the method including the steps of:

preparing a monomer composition by mixing an acrylic
acid-based monomer having acidic groups, of which at least
a part 1s neutralized, an internal crosslinking agent including
polyol, an encapsulated foaming agent, an 1norganic foam-
ing agent, and a polymerization mitiator; forming a water-
containing gel polymer by performing thermal polymeriza-
tion or photopolymerization of the monomer composition;
and drving the water-containing gel polymer.

In the preparation method of the present invention, the
monomer composition which 1s a raw material of the super-
absorbent polymer may include the acrylic acid-based
monomer having acidic groups, of which at least a part 1s
neutralized, the iternal crosslinking agent including polyol,
the encapsulated foaming agent, the inorgamic foaming
agent, and the polymerization initiator.

First, the acrylic acid-based monomer 1s a compound
represented by the following Chemical Formula 1:

R —CcoomM! Chemical Formula 11

in Chemical Formula 1, R" is an alkyl group containing an
unsaturated bond and having 2 to 5 carbon atoms, and

M' is a hydrogen atom, a monovalent or divalent metal,
an ammonium group, or an organic amine salt.

Preferably, the acrylic acid-based monomer may include
one or more selected from the group consisting of acrylic
acid, methacrylic acid, and a monovalent metal salt thereof,
a divalent metal salt thereof, an ammonium salt thereof, and
an organic amine salt thereof.

Here, the acrylic acid-based monomer may have acidic
groups, of which at least a part 1s neutralized. Preferably,
those partially neutralized with an alkal1 substance such as
sodium hydroxide, potasstum hydroxide, ammonium
hydroxide, etc. may be used as the monomer. In this regard,
a degree of neutralization of the acrylic acid-based monomer
may be 40 mol % to 95 mol %, or 40 mol % to 80 mol %,
or 45 mol % to 75 mol %. The range of the neutralization
degree may vary depending on final physical properties.
However, an excessively high degree of neutralization ren-
ders the neutralized monomers precipitated, and thus polym-
erization may not occur readily, whereas an excessively low
degree of neutralization not only greatly deteriorates absor-
bency of the polymer but also endows the polymer with
hard-to-handle properties, such as of elastic rubber.

A concentration of the acrylic acid-based monomer may
be about 20% by weight to about 60% by weight, preferably
about 40% by weight to about 50% by weight, with respect
to the monomer composition including the raw materials of
the superabsorbent polymer and a solvent, and the concen-
tration may be properly controlled, taking into consideration
a polymerization time and reaction conditions. However, 1f
the monomer concentration 1s too low, the yield of the
superabsorbent polymer may become low and an economic
problem may occur. On the contrary, 1f the concentration 1s
too high, there 1s a process problem that a part of the
monomers 1s precipitated, or pulverization efliciency 1s
lowered upon pulverization of the polymerized water-con-
tamning gel polymer, and the physical properties of the
superabsorbent polymer may be reduced.
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The monomer composition of the present invention
includes polyol as the internal crosslinking agent.

The polyol forms a polymeric structure having tlexibility
by crosslinking reaction with the acrylic acid-based mono-
mer, and may also contribute to increasing a water content
of the superabsorbent polymer sheet due to its hygroscop-

1C1tY.

Examples of the applicable polyol may include ethylene
glycol, propylene glycol, 1,3-propanediol, 1,4-butanediol,
1,6-hexanediol, 1,2-hexanediol, 1,3-hexanediol, 2-methyl-1,
3-propanediol, 2,5-hexanediol, 2-methyl-1,3-pentanediol,
2-methyl-2,4-pentanediol, tripropylene glycol, or glycerol,
and preferably glycerol.

The polyol may be used in an amount of 10 to 80 parts by
weight, preferably 20 parts by weight to 50 parts by weight,
more preferably 30 parts by weight to 40 parts by weight
with respect to 100 parts by weight of the acrylic acid-based
monomer. If the content of the polyol 1s too small, there may
be no ellect of increasing the water content. If the content of
the polyol 1s too large, the absorption rate and the absor-
bency may be reduced. In this respect, the polyol may be
preferably used 1n the above range of content.

The monomer composition of the present invention may
turther include another internal crosslinking agent 1 addi-
tion to the polyol. In this regard, the internal crosslinking
agent may be poly(meth)acrylate-based compounds of
polyol, e.g., poly(meth)acrylate-based compounds of polyol
having 2 to 10 carbon atoms. More specific examples thereof
may include trimethylolpropane tri{imeth)acrylate, ethylene
glycol di(meth)acrylate, polyethylene glycol di(meth)acry-
late, propylene glycol di(meth)acrylate, polypropylene gly-
col di(meth)acrylate, butanediol di(meth)acrylate, butylene
glycol di(meth)acrylate, diethylene glycol di(meth)acrylate,
hexanediol di(meth)acrylate, triethylene glycol di(meth)
acrylate, tripropylene glycol di(meth)acrylate, tetracthylene
glycol di(meth)acrylate, dipentaerythritol pentacrylate,
glycerin tri(meth)acrylate, or pentaerythritol tetraacrylate,
preferably, polyethylene glycol diacrylate.

The internal crosslinking agent may be included at a
concentration ol about 0.01% by weight to about 2% by
weight, or 0.1% by weight to 0.5% by weight with respect
to the monomer composition, thereby crosslinking the
polymerized polymer.

The monomer composition of the present invention
includes the foaming agent, and 1n this regard, 1t includes the
encapsulated foaming agent and the inorganic foaming agent
at the same time. When such two kinds of foaming agents
are used 1n a mixture, there 1s an eflect of obtaining high
porosity and open pores ol the superabsorbent polymer
sheet. In other words, when the encapsulated foaming agent
and the 1norganic foaming agent are used at the same time
as 1n the present invention, main pores having a size suitable
for securing high porosity inside the superabsorbent polymer
sheet are generated by the encapsulated foaming agent, and
a micropore channel 1s formed between the main pores by
the imnorganic foaming agent to secure an open pore channel
structure 1n which main pores are connected to each other.
Therefore, due to the micropore channel structure, rapid
absorption of water by a capillary pressure may occur, and
the superabsorbent polymer sheet to be prepared may exhibit
excellent centrifuge retention capacity and absorbency
under pressure, as compared with those prepared by using
cach of the foaming agents alone. Moreover, due to the
structure, flexibility of the superabsorbent polymer sheet
may be greatly increased.

The encapsulated foaming agent may exist in an encap-
sulated state during polymerization of the monomer com-
position and may expand by heat, and may be foamed by
high-temperature heat which 1s applied during a drying
process described below. As a result, pores having a proper
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s1ze are generated between polymer structures of the super-
absorbent polymer, and thus the superabsorbent polymer
sheet may exhibit the open pore channel structure.

The encapsulated foaming agent may have a structure
including a core which contains hydrocarbon and a shell
which surrounds the core and 1s formed using a thermoplas-
tic resin. Such an encapsulated foaming agent may have
expansion properties which may vary depending on com-
ponents constituting the core and the shell, weights of the
respective components, particle sizes thereof. By adjusting
these factors, 1t 1s possible to expand pores to a desired size
and to control porosity of the superabsorbent polymer sheet.

Meanwhile, 1n order to examine whether pores with a
desired size are generated, 1t 1s necessary to examine expan-
s1on properties of the encapsulated foaming agent. However,
the foamed shape of the encapsulated foaming agent nside
the superabsorbent polymer i1s diflicult to define as one
shape, because it may vary depending on the preparation
conditions of the superabsorbent polymer. Therefore, the
encapsulated foaming agent 1s first foamed 1n air, and then
its expansion ratio and size are examined, thereby determin-
ing whether 1t 1s suitable for forming desired pores.

In detail, the encapsulated foaming agent 1s applied on a
glass petri dish, which 1s then heated 1n air at 180° C. for 5
minutes to expand the encapsulated foaming agent. In this
regard, when the encapsulated foaming agent exhibits a
maximum expansion ratio of 3 times to 15 times, 5 times to
15 times, or 8.5 times to 10 times 1n air, it may be determined
as being suitable for forming an appropriate open pore
structure 1 the method of preparing the superabsorbent
polymer sheet of the present invention.

The encapsulated foaming agent may have a mean diam-
cter of 2 um to 50 um, or 5 um to 30 um, or 5 um to 20 um,
or 7 um to 17 um. When the encapsulated foaming agent
exhibits the above mean diameter, 1t may be determined as
being suitable for achieving an appropriate porosity.

Further, when the encapsulated foaming agent exhibits a
maximum expansion diameter of 20 um to 190 um, or 50 um
to 190 um, or 70 um to 190 um, or um 75 to 190 um 1n air,
it may be determined as being suitable for forming an
appropriate open pore structure 1in the method of preparing
the superabsorbent polymer sheet of the present invention.

Further, the maximum expansion ratio and the maximum
expansion diameter of the encapsulated foaming agent may
be measured by analyzing the shapes of pores generated in
the prepared superabsorbent polymer sheet using scanning
clectron microscopy (SEM).

The hydrocarbon constituting the core of the encapsulated
foaming agent may be one or more selected from the group
consisting ol n-propane, n-butane, iso-butane, cyclobutane,
n-pentane, 1so-pentane, cyclopentane, n-hexane, 1so-hexane,
cyclohexane, n-heptane, 1so-heptane, cycloheptane, n-oc-
tane, 1so-octane, and cyclooctane. Among them, hydrocar-
bons having 3 to 5 carbon atoms (n-propane, n-butane,
1so-butane, cyclobutane, n-pentane, 1so-pentane, cyclopen-

tane) may be suitable for forming the pores having the
above-described size, and 1so-butane may be the most suit-
able.

The thermoplastic resin constituting the shell of the
encapsulated foaming agent may be a polymer formed from
one or more monomers selected from the group consisting of
(meth)acrylate, (meth)acrylonitrile, aromatic vinyl, vinyl
acetate, vinyl halide, and vinylidene halide. Among them, a
copolymer of (meth)acrylate and (meth)acrylonmitrile may be
the most suitable for forming the pores having the above-
described size.

The encapsulated foaming agent may include the hydro-

carbon 1n an amount of 10% by weight to 30% by weight
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with respect to the total weight of the encapsulated foaming,
agent. This range may be the most suitable for forming the
open pore structure.

A directly prepared encapsulated foaming agent may be
used, or a commercially available foaming agent satisiying
the above-described conditions may be used.

Further, the encapsulated foaming agent may be used in
an amount of 0.3 parts by weight to 20 parts by weight,
preferably 0.5 parts by weight to 10 parts by weight, and
more preferably 1 part by weight to 10 parts by weight with
respect to 100 parts by weight of the acrylic acid-based
monomer. If the content of the encapsulated foaming agent
1s too low, there are problems 1n that the open pore structure
may not be properly formed, and approprniate porosity may
not be secured. On the contrary, 1if the content of the
encapsulated foaming agent 1s too high, porosity may be too
high, and as a result, strength of the superabsorbent polymer
may be weakened. In this respect, the encapsulated foaming
agent may be preferably used 1n the above range of content.

The i1norganic foaming agent may have a diameter of
preferably 10 nm to 1000 nm, and more preferably 20 nm to
500 nm, or 50 nm to 100 nm. The morganic foaming agent
of the above range may form a micropore channel and may
serve to collapse the boundary between pores generated by
the encapsulated foaming agent, thereby greatly improving,
absorbency of the superabsorbent polymer sheet. The diam-
cter of the inorganic foaming agent may be measured by
scanning electron microscopy (SEM).

As the morganic foaming agent, any foaming agent com-
monly known may be used without limitation. Specifically,
one or more selected from the group consisting of calcium
carbonate (CaCQ,), sodium bicarbonate (NaHCO;), ammo-
nium bicarbonate (NH,HCO,), ammonium carbonate
((NH,),CO,), ammonium nitrite (NH,NO,), sodium boro-
hydride (NaBH,), and sodium carbonate (Na,CO,) may be
used. Among them, calcium carbonate may be preferably
used, taking into consideration stability in a neutralized
solution.

The morganic foaming agent may be used 1n an amount
of 0.1 part by weight or more, preferably 0.2 parts by weight
to 10 parts by weight, and more preferably 0.3 parts by
weight to 5 parts by weight with respect to 100 parts by
weight of the acrylic acid-based monomer. If the content of
the 1norganic foaming agent 1s too low, there 1s a problem in
that closed pores may be generated. If the content of the
inorganic foaming agent 1s too high, there i1s a problem 1n
that mechanical strength may be reduced due to high poros-
ity.

A mixing ratio of the encapsulated foaming agent and the
inorganic foaming agent may be preferably a weight ratio of
3:1 to 1:1, and more preferably, a weight ratio of 2:1 to 1:1.
In the above range, the eflects of improving high porosity
and mechanical strength may be obtained, thereby improv-
ing centrifuge retention capacity and absorbency under
pressure of the superabsorbent polymer sheet to be prepared.

Further, the encapsulated foaming agent and the 1norganic
foaming agent may be included 1n an amount of 20 parts by
weight or less, and more preferably, 0.4 parts by weight to
20 parts by weight, 0.7 parts by weight to 10 parts by weight,
or 1 part by weight to 5 parts by weight with respect to 100
parts by weight of the acrylic acid monomer. If the total
amount of the foaming agents 1s too large, the degree of
foaming 1s too high, and thus the strength of the superab-
sorbent polymer may be reduced. If the total amount of the
foaming agents 1s too small, the open pore structure 1s hardly
tormed. Therefore, 1t 1s preferable that the total amount
thereot satisfies the above range.
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In the method of preparing the superabsorbent polymer
sheet of the present invention, the polymerization nitiator
used during polymerization 1s not particularly limited, as
long as it 1s generally used in the preparation of the super-
absorbent polymer.

Specifically, the polymerization initiator may be a thermal
polymerization initiator or a photo-polymerization itiator
by UV 1rradiation, depending on a polymerization method.
However, even though the photopolymerization 1s per-
formed, a certain amount of heat may be generated by UV
irradiation or the like, and also generated with exothermic
polymerization reaction. Therefore, the thermal polymeriza-

tion 1nitiator may be further included.

As the photo-polymerization initiator, a compound
capable of forming radicals by a light such as UV may be
used without limitations in the constitution.

For example, one or more selected from the group con-
sisting of benzoin ether, dialkyl acetophenone, hydroxyl

alkylketone, phenyl glyoxylate, benzyl dimethyl ketal, acyl
phosphine, and a-aminoketone may be used as the photo-
polymerization initiator. Meanwhile, as the specific example
of acyl phosphine, commercially available lucirin TPO,
namely, 2.4,6-trimethyl-benzoyl-trimethyl phosphine oxide
may be used. More various photo-polymerization initiators
are well disclosed 1n “UV Coatings: Basics, Recent Devel-
opments and New Application (Elsevier 2007)” written by
Reinhold Schwalm, p 115, however, they are not limited to
the above described examples.

The photo-polymerization initiator may be included 1n an
amount of about 0.01% by weight to about 1.0% by weight
in the monomer composition. If the concentration of the
photo-polymerization imitiator 1s too low, the polymerization
rate may become low. IT the concentration of the photo-
polymerization initiator 1s too high, the molecular weight of
the superabsorbent polymer may become low and 1ts physi-
cal properties may not be umform.

Further, one or more selected from the group consisting of
persulfate-based 1nitiators, azo-based initiators, hydrogen
peroxide, and ascorbic acid may be used as the thermal
polymerization mitiator. Specific examples of the persuliate-
based 1nitiators may include sodium persulfate (Na,S,Oy),
potassium persulfate (K,S,O;), ammomum persuliate
((NH,),.S,0,) or the like. Examples of the azo-based nitia-
tors may 1nclude 2,2-azobis(2-amidinopropane)dihydro-
chloride, 2,2-azobis-(N,N-dimethylene )isobutyramidine
dihydrochloride, 2-(carbamoylazo isobutyronitrile, 2,2-azo-
bis(2-[2-imidazolin-2-yl]propane)dihydrochloride, 4,4-azo-
bis-(4-cyanovaleric acid) or the like. More various thermal
polymerization initiators are well-disclosed 1n ‘Principle of
Polymerization (Wiley, 1981)° written by Odian, p 203,
however, they are not limited to the above described
examples.

The thermal polymerization mitiator may be included 1n
an amount of about 0.001% by weight to about 0.5% by
weight 1n the monomer composition. If the concentration of
the thermal polymerization mitiator 1s too low, additional
thermal polymenization hardly occurs, and thus the suilicient
addition effect of the thermal polymerization imitiator may
not be obtained. I the concentration of the thermal polym-
erization initiator 1s too high, the molecular weight of the
superabsorbent polymer may become low and its physical
properties may not be uniform.

In the preparation method of the present mvention, the
monomer composition may further include an additive such
as a thickener, a plasticizer, a preservation stabilizer, an
antioxidant, etc., 1f necessary.
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The raw matenals such as the above-described acrvlic
acid-based unsaturated monomer, comonomer, internal
crosslinking agent, polymernzation initiator, and additive
may be prepared i1n the form of a solution 1n which the
monomer composition 1s dissolved 1n a solvent. The solvent
may be included 1n a residual amount excluding the above-
described components from the total weight of the monomer

composition.
As the solvent to be applicable, any solvent may be used

without limitations in the constitution as long as 1t 1s able to
dissolve the above components, and for example, one or
more selected from water, ethanol, ethylene glycol, dieth-
ylene glycol, triethylene glycol, 1,4-butanediol, propylene
glycol, ethylene glycol monobutyl ether, propylene glycol
monomethyl ether, propylene glycol monomethyl ether
acetate, methyl ethyl ketone, acetone, methyl amyl ketone,
cyclohexanone, cyclopentanone, diethylene glycol monom-
cthyl ether, diethylene glycol ethylether, toluene, xylene,
butyrolactone, carbitol, methyl cellosolve acetate, and N,N-
dimethylacetamide may be used 1n combination.

Next, the water-containing gel polymer may be formed by
thermal polymerization or photo-polymerization of the
monomer composition.

Meanwhile, the method of forming the water-containing,
gel polymer by thermal polymenzation or photo-polymer-
ization of the monomer composition 1s not particularly
limited 1n the constitution, as long as it 1s a polymerization
method generally used 1n the art related to the preparation of
the superabsorbent polymer.

Specifically, the polymerization method 1s largely classi-
fied into the thermal polymerization and the photo-polym-
erization according to a polymerization energy source. The
thermal polymerization may be commonly carried out 1n a
reactor like a kneader equipped with agitating spindles
whereas the photo-polymerization may be carried out 1n a
reactor equipped with a movable conveyor belt. The above-
described polymerization method 1s an example only, and
the present mvention 1s not limited to the above-described
polymerization methods.

A reaction temperature of the thermal polymerization or
photopolymerization of the monomer composition 1s not
particularly limited, but the reaction temperature may be, for
example, 80° C. to 120° C., preterably 90° C. to 110° C.

In this regard, the water-containing gel polymer thus
obtained by the method may have generally a water content
of about 40% by weight to about 80% by weight. Mean-
while, the “water content™ of the water-containing gel poly-
mer means a weight occupied by water with respect to the
total weight of the water-containing gel polymer, which may
be a value obtained by subtracting the weight of the dried
polymer from the weight of the water-containing gel poly-
mer. Specifically, the water content 1s defined as a value
calculated by measuring the weight loss according to evapo-
ration of water in the polymer during the drying process of
increasing the temperature of the polymer with infrared
heating. In this regard, the water content 1s measured under
the drying conditions which are determined as follows; the
temperature 1s 1ncreased from room temperature to about
180° C. and then the temperature 1s maintained at 180° C.,
and the total drying time 1s determined as 20 minutes,
including 5 minutes for the temperature rising step.

Next, the water-containing gel polymer 1s molded in the
form of a sheet, and dried to form the superabsorbent
polymer sheet. In the drying step, foaming may occur due to
the foaming agents, and as a result, the micropore channel
may be formed between main pores 1n the superabsorbent
polymer sheet, and the open pore channel structure may be
formed.

In this regard, the drying temperature of the drying step
may be about 120° C. to about 250° C. When the drying
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temperature 1s lower than 120° C., there 1s a concern about
excessively extended drying time or deterioration of the
physical properties of the superabsorbent polymer finally
formed, and when the drying temperature 1s higher than 250°
C., only the surface of the polymer 1s dried, and thus there
1s a concern about deterioration of the physical properties of
the superabsorbent polymer finally formed. Therefore, the

drying may be preferably performed at a temperature of
about 120° C. to about 250° C., and more preferably about

140° C. to about 200° C.

Meanwhile, the drying may be carried out for about 20
minutes to about 90 minutes, taking into consideration the
process efliciency, but 1s not limited thereto.

Any drying method may be selected and used in the
drying step without limitation 1n the constitution, as long as
it 1s commonly used 1in the drying process of the water-
containing gel polymer. Specifically, the drying step may be
carried out by a method of supplying hot air, irradiating
inirared rays, wrradiating microwaves, rradiating ultraviolet
rays, or the like.

Meanwhile, to achueve the appropriate water content of
the superabsorbent polymer sheet after the drying step, a
process of exposing the dried superabsorbent polymer sheet
to high-temperature steam of 80° C. to 100° C. may be
further performed.

When the drying step as above 1s finished, the water
content of the superabsorbent polymer sheet may be about
10% by weight or more, for example, about 10% by weight
to about 40% by weight, or about 15% by weight to about
30% by weight. When the water content of the superabsor-
bent polymer sheet 1s within the above range, it 1s possible
to secure flexibility of the sheet. A method of measuring the
water content of the superabsorbent polymer sheet may be
more specified in Examples below.

According to one embodiment of the present invention,
the superabsorbent polymer sheet obtained by the above
processes may have a thickness of about 100 um or more, or
1,000 um, or 3,000 um and about 10 cm or less, or about 5
cm or less, or about 1 cm or less. If the thickness of the
superabsorbent polymer sheet 1s too thin, the sheet may be
torn due to its low strength. If the thickness of the super-
absorbent polymer sheet 1s too thick, drying and processing
may be dithicult. From this point of view, the superabsorbent
polymer sheet may preferably have a thickness within the
above range.

The superabsorbent polymer sheet prepared according to
the above preparation method may be 1n the form of a sheet
in which at least part of the pores may be connected to each
other to form the open pore channel structure, and therefore,
water absorption by a capillary pressure may occur. Accord-
ingly, the superabsorbent polymer sheet may have more
improved absorption rate and permeability, as compared
with existing superabsorbent polymers in the form of pow-
der, and the superabsorbent polymer sheet 1tself may be used
as a pulpless absorbent.

According to one embodiment of the present ivention,
provided 1s the superabsorbent polymer sheet obtained by
the above preparation method.

The superabsorbent polymer sheet includes a crosslinked
polymer which 1s prepared by crosslinking polymerization
of the acrylic acid-based monomer having acidic groups, of
which at least a part 1s neutralized, in the presence of the
internal crosslinking agent including polyol, the encapsu-
lated foaming agent, and the morganic foaming agent.

The superabsorbent polymer sheet may have the open
pore channel structure in which at least part of pores are
connected to each other, whereby water absorption by a
capillary pressure may occur.

The superabsorbent polymer sheet may have centrifuge
retention capacity (CRC) of 10 g/g or more, 15 g/g or more,
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or 20 g/g or more, and 40 g/g or less, 30 g/g or less, or 25
g/g or less, as measured in accordance with EDANA method

WSP 241.2.

The superabsorbent polymer sheet may have absorbency
under pressure (AUP) (0.7 ps1) of 5 g/g or more, 7 g/g or

more, or 9 g/g or more, and 20 g/g or less, or 15 g/g or less,
as measured in accordance with EDANA method WSP

242.2.

The superabsorbent polymer sheet may have a high
expansion ratio of 200% or more, 250% or more, or 300%
or more, and 600% or less, 550% or less, or 500% or less,
wherein the expansion ratio 1s measured by comparing areas
betfore and after drying. Therefore, the superabsorbent poly-
mer sheet may exhibit excellent pliability. The expansion
ratio may be measured as follows: the water-containing gel
polymer 1s cut in a sheet form having a size of
width*length*thickness=50 mm*50 mm™2 mm using a cut-
ting machine to obtain a superabsorbent polymer sheet,
which 1s then dried at a temperature of 180° C. for 5 minutes,
and the area of width*length of the superabsorbent polymer
sheet before drying 1s compared with the area of
width*length of the superabsorbent polymer sheet after
drying.

Hereinatter, the actions and eflects of the present inven-
tion will be described 1n more detail with reference to the
specific Examples of the present invention. However, these
Examples are for 1llustrative purposes only, and the scope of
the present invention 1s not intended to be limited thereby in
all aspects.

EXAMPLE

Preparation of Superabsorbent Polymer Sheet
Example 1

30 g of acrylic acid, 38.9 g of caustic soda (NaOH, 30 wt
% solution), and 6.2 g of water were mixed to prepare a
neutralized solution (a solid content: 50% by weight) in
which about 70 mol % of the acrylic acid was neutralized.

To the neutralized solution, 12 g of glycerol, 0.09 g of
polyethylene glycol diacrylate (MW=330 manufacturer:
Aldrich), 0.06 g of sodium persulfate, 0.3 g of an encapsu-
lated foaming agent (Akzonobel, Expancel 031 DU 40,
mean diameter: 10 um to 16 um), and 0.3 g of a calctum
carbonate (CaCO,) foaming agent (diameter: 50 nm to 100
nm) were added to prepare a monomer composition.

The monomer composition was subjected to high-shear
mixing using a mechanical mixer at a speed of 500 rpm for
about 10 minutes.

Thereafter, the monomer composition was introduced 1nto
a polymerization reactor though a feed section, and polym-
erization was allowed to prepare a water-containing gel
polymer. At this time, the polymerization reactor was main-
tained at a temperature of 100° C., and a maximum tem-
perature of the polymerization was 110° C. and a polymer-
ization time was 10 minutes.

Subsequently, the water-containing gel polymer was cut
using a cutting machine m the form of a sheet
(width*length*thickness=50 mm™50 mm*2 mm), and dried
at a temperature of 180° C. for 5 minutes to prepare a
superabsorbent polymer sheet. Thereafter, the prepared
superabsorbent polymer sheet was exposed to high-tempera-
ture steam (80° C., 85%) for 10 minutes to prepare the
superabsorbent polymer sheet having an increased water
content.

Example 2

A superabsorbent polymer sheet was prepared in the same
manner as 1n Example 1, except that the encapsulated
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foaming agent and the calctum carbonate foaming agent
were used 1 an amount of 1.5% by weight, respectively,

with respect to 100% by weight of acrylic acid in Example
1.

Comparative Example 1

A superabsorbent polymer sheet was prepared 1n the same
manner as in Example 2, except that no encapsulated foam-
ing agent and no inorganic foaming agent were used 1n
Example 2.

Comparative Example 2

A superabsorbent polymer sheet was prepared in the same
manner as 1n Example 2, except that no morganic foaming
agent was used 1 Example 2.

Comparative Example 3

A superabsorbent polymer sheet was prepared in the same
manner as 1n Example 2, except that no encapsulated foam-
ing agent was used 1 Example 2.

Comparative Example 4

A superabsorbent polymer sheet was prepared in the same
manner as in Example 2, except that 12.09 g of polyethylene
glycol diacrylate was used alone as the internal crosslinking
agent, mstead of glycerol and polyethylene glycol diacry-
late, 1n Example 2.

(L]

EXPERIMENTAL EXAMPL.

Experimental Example 1: Characterization of
Superabsorbent Polymer Sheet

(1) Cross Section of Superabsorbent Polymer Sheet

An 1mage of scanning electron microscopy (SEM) show-
ing a cross section of the superabsorbent polymer sheet
prepared according to Example 1 of the present invention 1s
shown 1n FIG. 1. Referring to FIG. 1, it was observed that
an open pore channel structure was formed on the surface of
the superabsorbent polymer sheet prepared according to
Example 1 of the present invention

However, no porous structure was observed in Compara-
tive Example 1 including no foaming agent.

(2) Flexibility

The superabsorbent polymer sheet was folded 1n half and
then unfolded, and 1t was evaluated as O when returning to
the original sheet state, and 1t was evaluated as X when the
folded portion was cracked or broken and thus did not return
to the original sheet state.

Meanwhile, FIG. 2 shows the result of testing the degree
of flexibility by winding each of the sheets of Example 1 and
Comparative Example 2 into a vial having a diameter of 25
mm. Referring to FIG. 2, the sheet of Example 1 had
excellent flexibility to tightly adhere around the curved
surface of the wvial, whereas the sheet of Comparative
Example 2 had poor tlexibility not to tightly adhere around
the vial.

3) -

Expansion Ratio

The expansion ratio was determined by comparing the
area of width*length of the superabsorbent polymer sheet
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cut m a sheet form having a size of
width*length*thickness=50 mm™*50 mm™*2 mm with the
area of width*length of the superabsorbent polymer sheet
prepared after drying at a temperature of 180° C. for 3
minutes.

(4) Water Content of Superabsorbent Polymer Sheet

Each 5 g of the superabsorbent polymer sheets prepared
in Examples and Comparative Examples (of which cutting,
drying, and steam exposure were completed) was heated and
dried at 150° C. for 30 minutes, and water loss relative to its
initial weight was calculated to determine the water content.

Experimental Example 2: Evaluation of Absorbency
of Superabsorbent Polymer Sheet

(1) Centrifuge Retention Capacity (CRC)

Centrifuge retention capacity (CRC) was measured in
accordance with EDANA method WSP 241.2.

(2) Absorbency Under Pressure (AUP)

Absorbency under pressure (AUP) of 0.7 ps1 was mea-
sured 1n accordance with EDANA method WSP 242.2.

Characteristics of the superabsorbent polymer sheets pre-
pared 1n Examples 1 to 2 and Comparative Examples 1 to 3
were evaluated and shown 1n Table 1 below.
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drying the water-containing gel polymer.

2. The method of claim 1, wherein the polyol comprises
one or more ol ethylene glycol, propylene glycol, 1,3-
propanediol, 1,4-butanediol, 1,6-hexanediol, 1,2-hexane-
diol, 1,3-hexanediol, 2-methyl-1,3-propanediol, 2,5-hexane-
diol, 2-methyl-1,3-pentanediol, 2-methyl-2.4-pentanediol,
tripropylene glycol, or glycerol.

3. The method of claim 1, wherein the polyol 1s included
in an amount of 10 parts by weight to 80 parts by weight
with respect to 100 parts by weight of the acrylic acid-based
mOonomer.

4. The method of claam 1, wheremn the encapsulated
foaming agent has a mean diameter of 2 um to 50 um.

5. The method of claam 1, wheremn the encapsulated
foaming agent has an expansion ratio of 3 times to 15 times
n air.

6. The method of claim 1, wherein the encapsulated
foaming agent has a structure including a core which con-
tains hydrocarbon and a shell which surrounds the core and
1s formed using a thermoplastic resin.

7. The method of claim 6, wherein the hydrocarbon 1s one
or more selected from the group consisting ol n-propane,
n-butane, 1so-butane, cyclobutane, n-pentane, 1so-pentane,
cyclopentane, n-hexane, i1so-hexane, cyclohexane, n-hep-
tane, 1so-heptane, cycloheptane, n-octane, 1so-octane, and
cyclooctane.

8. The method of claim 6, wherein the thermoplastic resin
1s a polymer formed from one or more monomers selected

TABLE 1
Example Example Comparative Comparative Comparative Comparative
1 2 Example 1 Example 2 Example 3 Example 4
Composition of Encapsulated 1.0 1.5 — 1.5 — 1.5
monomer mixture * foaming
agent
Inorganic 1.0 1.5 — — 1.5 1.5
foaming
agent
Glycerol 30 30 30 30 30 —
Properties of sheet Porosity O O X O O X
Flexibility O O O X X X
Expansion 350 430 100 130 120 300
ratio (%)
Water 17.2%  16.3% 17.9% 16.6% 18.2% 17.1%
content (%)
Absorption properties CRC (g/g) 21.7 20.7 15.2 17.2 16.4 5.6
AUP (g/g) 9.6 9.2 7.1 9.1 6.1 5.5

* The composition of monomer mixture was expressed as parts by weight with respect to 100 parts by weight of acrylic acid.

Referring to Table 1, it was confirmed that the superab-
sorbent polymer sheets of Examples had excellent flexibil-
ity, porosity, and expansion ratio, as compared with the
sheets of Comparative Examples having the similar water
content, and therefore, they also had remarkably excellent
absorption properties such as CRC, AUP, etc., as compared
with those of Comparative Examples.

The 1nvention claimed 1s:
1. A method of preparing a superabsorbent polymer sheet,
comprising:

preparing a monomer composition by mixing an acrylic
acid-based monomer having acidic groups, of which at
least a part 1s neutralized, an internal crosslinking agent
comprising a polyol, an encapsulated foaming agent, an
iorganic foaming agent, and a polymerization initia-
{or;

forming a water-containing gel polymer by performing
thermal polymerization or photopolymerization of the
monomer composition; and
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from the group consisting of (meth)acrylate, (meth)acryloni-
trile, aromatic vinyl, vinyl acetate, vinyl halide, and
vinylidene halide.

9. The method of claim 1, wherein the inorganic foaming,
agent 15 one or more selected from calctum carbonate
(CaCQ,), sodium bicarbonate (NaHCO,), ammonium bicar-
bonate (NH, HCO,), ammonium carbonate ((INH,),CO,),
ammonium nitrite  (NH,NO,), sodium borohydride
(NaBH,), and sodium carbonate (Na,CO,).

10. The method of claim 1, wherein the encapsulated
foaming agent and the 1norganic foaming agent are included
in a weight ratio of 3:1 to 1:1.

11. The method of claim 1, wherein the encapsulated
foaming agent 1s included in an amount of 0.3 parts by
weight to 20 parts by weight with respect to 100 parts by
weight of the acrylic acid-based monomer.

12. The method of claim 1, wherein the inorganic foaming
agent 1s 1ncluded in an amount of 0.2 parts by weight to 10
parts by weight with respect to 100 parts by weight of the

acrylic acid-based monomer.
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13. A superabsorbent polymer sheet comprising a cross-
linked polymer which 1s prepared by crosslinking polymer-
ization ol an acrylic acid-based monomer having acidic
groups, of which at least a part 1s neutralized, in the presence
of an mternal crosslinking agent including polyol, an encap- 5
sulated foaming agent, and an 1norganic foaming agent.

14. The superabsorbent polymer sheet of claim 13,
wherein centrifuge retention capacity (CRC) 1s 10 g/g to 40
g/g as measured in accordance with EDANA method WSP
241.2. 10

15. The superabsorbent polymer sheet of claim 13,
wherein absorbency under pressure (AUP) of 0.7 ps11s 5 g/'g
to 20 g/g, as measured in accordance with EDANA method
WSP 242.2.

16. The superabsorbent polymer sheet of claim 13, 15
wherein an expansion ratio 1s 200% or more, the expansion
ratio defined by an area of width*length of the superabsor-
bent polymer sheet which 1s cut to a size of
width*length*thickness=50 mm™*350 mm*2 mm and an area
of width*length of the superabsorbent polymer sheet after 20
being dried at a temperature of 180° C. for 5 minutes.
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